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1. INTRODUCTION 
1.1 General  
T h i s  second q u a r t e r l y  r e p o r t  covers  t h e  p e r i o d  from 1 A p r i l  
tc 31 MI1y 1?6h, end describes w?rk.  cr, JPL C o n t r s c t  951352. It st;ou’,d 
be noted  t h a t  i n  the  i n t e r e s t  o f  b r i n g i n g  t h e  r e p o r t i n g  schedule  more 
i n  l i n e  wi th  t h e  o r i g i n a l  p l a n ,  t h e  per iod  covered i n  t h i s  q u a r t e r l y  
i s  two x-enths 2nd n o t  t!:rcc r;,cr,ths. 
The 1 2 - m o ~ t h  c c n t r a c t  i s  concerned with the  developoent of 
a high-temperature  power condi t ion ing  s y s t e m  f o r  a 15C-watt t h e m i o n i c  
c o n v e r t e r  g e n e r a t o r  c o n s i s t i n g  o f  t h y r a t r o n s ,  a high-temperature  t r a n s -  
former,  and a s s o c i a t e d  c i r c u i t r y .  TT o schemes a r e  t o  be i n v e s t i g a t e d :  
(1) high-temperature  ceramic t h y r a t r o n s  and a high-temperature  - 
i n v e r t e r  - t ransformer  t o  be mounted d i r e c t l y  behind t h e  thermionic  
c o n v e r t e r  g e n e r a t o r  t o  e l i m i n a t e  t h e  need f o r  h i g h - c u r r e n t  bus b a r s  
from t h e  g e n e r a t o r  t o  t h e  load (a low-current ,  low-temperature g r i d -  
d r i v e  c i r c u i t  w i l l  be l o c a t e d  a s a f e  d i s t a n c e  from t h e  h e a t  s o u r c e ) ;  
and (2) h igh- tempera ture ,  ceramic t h y r a t r o n s  t o  be riounted d i r e c t l y  
behind t h e  t h e m i o n i c  -converter  genera t o r  b u t  connected t o  a low- 
temperature  t ransformer  and g r i d  c i r c u i t  by h igh  c u r r e n t  bus b a r s .  
I n  both approaches,  t h e  t h y r a t r o n  cathode w i l l  be hea ted  by thernial 
energy  from t h e  g e n e r a t o r  c a v i t y ,  t h e  thermal energy w i l l  be absorbed 
by t h e  t h y r a t r o n  be ing  used t o  provide e l e c t r o n  emission and work 
f u n c t i o n  adjustment  t o  e f f e c t  zero-drop o p e r a t i o n .  T h i s  thermal  
energy would normally be considered r e j e c t e d  h e a t  from t h e  s o l a r  con- 
c e n t r a  t o r .  
The  program was divided i n t o  two phases .  The f i r s t  phase,  
o r i g i n a l l y  of t h r e e  months’ durati.cn, was an a n a l y t i c a l  s tudy  Of both 
schemes. The s tudy  compared tlie r e l a t i v e  m e r i t s  of t h e  i n t e g r a t e d  
tube  and t ransformer  approach with t h e  more convent iona l  low-temperature 
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t ransformer  approach.  I t  w i l l  a l s o  i n c l u d e  t h e  d e s i g n ,  f a b r i c a t i o n ,  
and t e s t i n g  of a low-current cesium d e v i c e  t o  determine d e i o n i z a t i o n  
t i m e s  and o t h e r  d i s c h a r g e  parnneters  t o  be expected i n  the  t h y r a t r o n .  
Q u a n t i t a t i v e  knowledge o f  such parameters  i s  n o t  a v a i l a b l e  i n  t h e  
l i t e r a t u r e .  Due t o  some d i f f i c u l t i e s  i n  t h e  f a b r i c a t i o n  of t h e  d e -  
i o n i z a t i o n  t i m e  t e s t  device , Phase I a c t u a l l y  extended f o r  f i v e  months; 
and Phase I1 h a s  been reduced t o  seven months' d u r a t i o v .  T h i s  change 
i n  schedul ing  was negotiated i n  t h e  l a s t  p e r i o d .  Phase I1 h a s  been 
s t a r t e d  a f t e r  JPL approval  of t he  r e s u l t s  of Phase I .  During Phase 11, 
3 high-temperature  ceramic t h y r a t r o n ,  a high-temperature  t ransformer  , 
and dc- to-dc  c o n v e r t e r  c i r c u i t s  w i l l  be  designed accord ing  t o  t h e  c r i -  
t e r i a  e s t a b l i s h e d  i n  Phase I .  A t  l e a s t  f o u r  high-temperature  t h y r a t r o n s ,  
two h igh- tempera ture  t ransformers ,  and one complete dc- to-dc  c o n v e r t e r  
of each type  d e s c r i b e d  above w i l l  be f a b r i c a t e d  and t e s t e d .  
1 .2  S u m r y  
During t h e  l a s t  per iod,  a d d i t i o n a l  d a t a  were o b t a i n e d  from 
t h e  d e i o n i z a t i o n  t i m e  d e v i c e  inc luding  measuring t h e  s t a r t i n g  charac  - 
t e r i s t i c s .  
The c i r c u i t  work i n  t h i s  p e r i o d  was devoted p r i m a r i l y  t o  
improving t h e  c i r c u i t s  used fo r  t a k i n g  d a t a .  
Core m a t e r i a l  f o r  the h igh- tempera ture  t ransformer  h a s  been 
d e f i n e d ,  s a n p l e s  of high-temperature  i n s u l a t i o n  have been obta ined  
f o r  t e s t i n g  and r e s i s t a n c e  measurements on two t y p e s  of i n s u l a t i o n  
were made i n  vacum. a t  600 C. The t ransformer  d e s i g n  i s  e s s e n t i a l l y  
complete l a c k i n g  only the v e r i f i c a t i o n  t h a t  g l a s s  i n s u l a t i o n  i s  
a c c e p t a b l e  f o r  long l i f e  a t  high temperature  i n  vacuum. 
0 
A t h y r a t r o n  of c y l i n d r i c a l  geometry h a s  been designed on 
t h e  b a s i s  of t h e  e a r l i e r  measurements on t h i s  program and t h e  r e s u l t s  
of o t h e r  thermionic  c o n v e r t e r  programs. 
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2 .  TWYRATWN DESIGH CONSIDEMTIONS 
I n  o r d e r  t o  des ign  devices  l i ke  thermionic  c o n v e r t e r s  o r  cesium 
vapor t h y r a t r o n s ,  i t  i s  e s s e n t i a l  t o  i n v e s t i g a t e  p o t e n t i a l  energy  d i s -  
t r i b u t i o n  of t h e  i n t e r e l e c t r o d e  space .  The v o l t a g e  ou tpu t  of a therm- 
i o n i c  energy conve r t e r  i s  given by: 
where 
vo = ou tpu t  vo l t age  
,, = ca thode  work f u n c t i o n  + e  
‘ C  
= c o l l e c t o r  work f u n c t i o n  
= p o t e n t i a l  minimum i n  f r o n t  of t h e  emitter ‘m 
Vs = h e i g h t  of t h e  double shea th  between t h e  p o t e n t i a l  
minimum and t h e  beginning  of the  plasma 
V = plasma drop  
Vc = c o l l e c t o r  sheath 
P 
T h i s  diagram i s  shown i n  F i g .  1 f o r  c o n d i t i o n s  expec ted  t o  be en- 
countered  i n  tlie opera t ior .  of t h e  t h y r a t r o n .  The c o l l e c t o r  s h e a t h ,  
V c ,  can be p o s i t i v e ,  n e g a t i v e ,  o r  z e r o  depending on whether o r  n o t  t h e  
plasma i s  matched t o  t h e  c o l l e c t o r .  Fo r  t h e  p r e s e n t  a n a l y s i s ,  Vc w i l l  
be cons ide red  e q u a l  t o  z e r o .  S ince  t h e  q u a n t i t i e s  Vm, V and V 
a r e  i n t e r n a l  p o t e n t i a l s ,  t h e r e  i s  no way of measuring them d i r e c t l y ;  
however, e s t i m a t e s  on t h e s e  q u a n t i t i e s  can be obta ined  from v a r i a b l e  
spac ing  thermionic  c o n v e r t e r s  which y i e l d  va lues  f o r  V, 
drop  i n  f r o n t  of t h e  emit ter  between 0.5 and 0.8V. S i r c i l a r l y ,  t h e  
plasrra drop  has been e s t b a t e d  t o  be  betweeii 0.5 and 5.017 per  i n c h .  
A v o l t a g e  spac ing  curve  f o r  a v a r i a b l e  spac ing  c o n v e r t e r  working under 
c o n d i t i o n s  expec ted  t o  be encountered i n  t h e  t h y r a t r o n  o p e r a t i o n  i s  
C P Y  
t h e  shea th  
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F I G .  1 POTEKTIAL D I S T R I B U T l O N  IN COXDUCTION I E G I O K  
BETWEEN EMITTER AND COLLECTOR 
shown i n  F i g .  2 .  The v o l t a g e  a s  shown h e r e  i s  t h e  device  t e rmina l  
v o l t a g e  wh i l e  o p e r a t i n g  a t  a c u r r e n t  of 2 C  amperes. T h i s  i s  d i f f e r -  
e n t  from t h e  curve of F i g .  1 i n  t h a t  i t  i s  n o t  an i n t e r n a l  p o t e n t i a l  
d i s t r i b u t i o n ,  bu t  r a t h e r  a curve showing a change i n  the  o u t p u t  v o l t -  
age of t h e  dev ice  by t h e  formation of a p o s i t i v e  c o l m  between t h e  
c o l l e c t o r  and t h e  emitter a s  the spac ing  i s  v a r i e d .  T h i s  p o s i t i v e  
column h a s  s t a r t e d  t o  form a t  a spac ing  cor responding  t o  t h e  maximum 
-- -_- v u l ~ a g e  L -  - - shown. The s l o p e  i s  i n i t i a l l y  r a t h e r  s t e e p  a s  t h e  spac ing  i s  
i n c r e a s e d ,  b u t  t a p e r s  o f f  t o  about 0.51' p e r  inch  a t  t h e  w i d e s t  spac -  
i n g .  The spac ing  i s  16 m i l s  as  shown h e r e  and i s  much t o o  c l o s e  f o r  
p r a c t i c a l  o p e r a t i o n  s i n c e  t h e  g r i d  must be in t e rposed  between t h e  
c o l l e c t o r  and e n i t t e r  f o r  s u c c e s s f u l  c o n t r o l l e d  a c t i o n .  
It ciin be s e e n  by r e f e r r i n g  t o  t h e  equa t ion  t h a t  t h e  work func-  
t i o n s  of t h e  e m i t t e r  and c o l l e c t o r  are e x t r e m e l y  important i n  d e t e r -  
mining t h e  a c t u a l  o p e r a t i n g  vo l t age  of t h e  d e v i c e .  The c o l l e c t o r  work 
f u n c t i o n  should be t h e  minimum v a l u e  o b t a i n a b l e  w i t h  a cesium film on 
a s u b s t r a t e .  With a m i n i m u m  ob ta inab le  anode temperature, a work func- 
t i o n  f o r  t h e  c o l l e c t o r  of about 1.5V i s  a c h i e v a b l e .  As w i l l  be shown 
below, a ca thode  work f u n c t i o n  of  2.5V, a t  l e a s t ,  would be d e s i r a b l e  
and can be achieved i n  the device  ROW under c o n s i d e r a t i o n .  Us ing  
t h e s e  v a l u e s  i n  t h e  equa t ion  and s o l v i n g  f o r  plasma d rop ,  i t  can be 
seen  t h a t  even f o r  extreme ranges o f  shea th  v o l t a g e  a plasma drop  of 
0 . 2  t o  C.5V could be t o l e r a t e d  and s t i l l  achieve  a n  ou tpu t  v o l t a g e  
c l o s e  t o  z e r o .  Comparing t h i s  va lue  wi th  a va lue  of plasma d rop  c a l -  
c u l a t e d  i n  a d i f f e r e n t  manner by m u l t i p l y i n g  t h e  e m i t t e r - c o l l e c t o r  
spac ing  by t h e  s lope  of the  curve i n  F i g .  2 ,  t h e  p1asrr.a d rop  i s  found 
t o  be between C.03 and C.3V. Both c a s e s  a r e  w i t h i n  t h e  v a l u e s  c a l c u -  
l a t e d  above. 
2 . 1  Optimum P r e s s u r e  Condi t ions  
A f u r t h e r  consequence of t h e  work on t h e  v a r i a b l e  spac ing  
tes t  v e h i c l e  h a s  been t h e  de t e rmina t ion  of t h e  optimum p t e s s u r e -  
spac ing  product  f o r  thermionic  c o n v e r t e r s .  That  i s ,  t h e  h i g h e s t  
7016 Q -2 5 
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ou tpu t  powers have Seen obtained i n  c o n v e r t e r s  where t h e  product  of 
t h e  cesium p r e s s u r e  t i m e s  t h e  c o l l e c t o r  e m i t t e r  spac ing  i s  between 
16 and 18 m i l - t o r r .  T h i s  r e l a t i o n  i s  p l o t t e d  i n  F i g .  3 t o  permi t  
v i s u a l  i n s p e c t i o n  of the curve and, thus ,  tc a s c e r t a i n  t h c  i m s t  opcl-  
mum range f o r  o p e r a t i n g  the  proposed t h y r a t r o n .  S e v e r a l  c o n s i d e r a t i o n s  
of an o p e r a t i n g  range e n t e r  i n  h e r e .  
be h i g h  enough t o  i n s u r e  adequate emission a t  a reasonable  tempera ture  
on t h e  ca thode ,  bu t  low enough t h a t  i t  does n o t  produce e x c e s s i v e l y  
long  d e i o n i z a t i o n  times. On t h e  o t h e r  hand, t h e  spac ing  between t h e  
emitter and c o l l e c t o r  rnust be wide enough t o  p e r m i t  t h e  insertion of 
the  g r i d  f o r  t h e  t h y r a t r o n  but  c l o s e  enough t h a c  t h e  d e i o n i z a t i o n  
t i m e  i s  n o t  e x c e s s i v e .  The r e c t a n g l e  on F i g .  3 shows t h e  r e g i o n  of 
p r a c t i c a l  o p e r a t i o n  for a t h y r a t r o n  f o r  t h e  frequency and c u r r e n t  
ranges expec ted .  
F o r  example, t h e  p r e s s u r e  must 
2.2 E n i i t t e r  
It is t h e  e m i t t e r  which a c t u a l l y  de te rmines  t h e  s i z e  and 
c u r r e n t  c a p a b i l i t y  of any thermionic d e v i c e .  A s  mentioned above, i t  
i s  d e s i r a b l e  t o  keep the  cathode wori: func t ion  a s  h igh  a s  p o s s i b l e  
f o r  a g iven  emission level.  The work f u n c t i o n  of t h e  emit ter  i s  d e -  
termined by tlie cathode t enpe ra tu re  and the  c c s i u n  a r r i v a l  r a t e ,  which 
i n  t u r n  d e t e m i n e s  the  er.iission l e v e l .  These parar ie te rs  a r e  conveni- 
e n t l y  d i sp l ayed  i n  F i g .  4 which i s  a p l o t  of t h e  emission c u r r e n t  
v e r s u s  t h e  r e c i p r o c a l  temperature of t h e  e m i t t e r .  T h e s e  c u r r e n t s  a r e  
p o r t i o n s  of t h e  f a m i l i a r  Langmuir "S" curves  which a r e  used e x t e n s i v e l y  
t o  de te rmine  the  err . i t t ing p r o p e r t i e s  of cesium f i l m  on v a r i o u s  m e t a l l i c  
s u b s t r a t e s .  
imum emiss ion  as s e l e c t i n g  t h e  p r e s s u r e  and d i s t a n c e ,  from F i g .  2 ,  t h e  
b e s t  o p e r a t i n g  p o i n t  f o r  t h e  t h y r a t r o n  can  be de termined .  These oper -  
a t i n g  c o n d i t i o n s  a r e  t a b u l a t e d  below: 
By app ly ing  the c r i t e r i a  of maximum work f u n c t i o n  and max- 
Cesim p r e s s u r e  = C.3 t o r r  
Cathode work f u n c t i o n  = 2.45 v o l t s  
Cathode tempera ture  = 15C0°K (1227'C) 
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2.3 Grid  . 
I n  t h y r a t r o n  des ign ,  common p r a c t i c e  i s  t o  kcep t h e  g r i d  a s  
c o o l  a s  p o s s i b l e  t o  avoid g r id  emiss ion  which would t r i g g e r  t h e  tube  
a t  some undes i r ab le  p o i n t  i n  the o p e r a t i n g  c y c l e .  
such a s  t h e  cesium vapor t h y r a t r o n ,  however, the  v o l t a g e s  a r e  so low 
and t h e  o p e r a t i n g  c o n d i t i o n s  so unique t h a t  a c o n s i d e r a b l e  amount of 
g r i d  emiss ion  can be t o l e r a t e d  wi thou t  e i t h e r  caus ing  mal func t ion  nf 
tile c i r c u i t  o r  wi thout  loading down t h e  g r i d  d r i v e  c i r c u i t  e x c e s s i v e l y .  
I n  a dev ice  such as t h i s ,  however, i t  i s  almost imposs ib le  t o  keep t h e  
g r i d  running c o o l  and s t i l l  maintain the  c r i t e r i a  t h a t  f i t  t h e  optirnum 
pd va lues  d i scussed  above. There fo re ,  it i s  S e t t e r  t o  use a r e f r a c t o r y  
m a t e r i a l  f o r  t h e  g r i d  which can o p e r a t e  a t  a h igh  t e x p e r a t u r e ,  main- 
t a i n  i t s  dimensional s t a b i l i t y  and have s u r f a c e  p r o p e r e i e s  which p r e -  
v e n t ,  o r  a t  l e a s t  minimize, cesium a d s o r p t i o n  so t h a t  i t s  work func- 
t i o n  a t  t h a t  t empera ture  i n  the presence  of cesium vapor i s  too  low 
t o  produce e x c e s s i v e  g r i d  c u r r e n t .  Coa t ings  such a s  zirconium c a r b i d e ,  
t an t a lum c a r b i d e ,  o r  tan ta lum s i l i c i d e  a p p l i e d  on t o p  of a tan ta lum 
s u b s t r a t e  can produce such results.  Niobium i t s e l f  i s  a good m a t e r i a l  
t o  u s e  f o r  g r i d s  s i n c e  t h e  emission from niobium i n  cesium i s  s e v e r a l  
o r d e r s  of macpitudc belcw t h a t  o f  riienium and tan ta lum which a r e  used 
f o r  t h e  ot l ier  e l e n e n t s  i n  t h e  t h y r a t r o n .  The e f f e c t  of the  g r i d  i s  
t o  in t roduce  an e l e c t r o s t a t i c  s h i e l d  between tlie en i t t e r  and c o l l e c t o r  
such t h a t  ( w i t h  a s u i t a b l y  app l i ed  v o l t a g e )  e l e c t r o n s  will he r e f l e c t e d  
back t o  the ca thode  and prevented from g e t t i n g  i n t o  t h e  gr id-ca thode  
r e g i o n  where they  w i l l  cause  v o l t a g e  breakdown and subsequent conduc- 
t i o n  through t h e  dev ice .  
t h i c k  w i t h  a maximum of  50 percent  t r anspa rency .  
g r i d  w i l l  be ve ry  t h i n ,  on t h e  order  o f  20 m i l s ,  and w i l l  have a 
t r anspa rency  of a t  least  50 p e r c e n t ,  so  t h a t  t h e  g r i d  w i l l  i n t r o d u c e  
a minimum impedance i n  t h e  flow of c u r r e n t  between e m i t t e r  and c o l l e c -  
tor. It is  f e l t  t h a t  an open g r i d  of 50 to 6C percen t  t ransparency  is 
f e a s i b l e  i n  a low-voltage dev ice  such as t h i s  because of t h e  e f f e c t s  
For 3% a p p l i c a t i o n  
Normally, a g r i d  for a t h y r a t r o n  is f a i r l y  
For t h i s  des ign  t h e  
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no t i ced  i n  guard r i n g  d iodes .  Var i ab le  p o t e n t i a l s  a p p l i e d  t o  t h e  
guard r i n g  of a cesium diode  have a marked in f luence  on t h e  behavior  
of t h e  d iode  even though t h e  p o t e n t i a l s  app l i ed  were only  0.1V and 
t h e  r eg ion  a f f e c t e d  was f a i r l y  f a r  away. Therefore, t h e  g r i d  design 
i n  t h i s  dev ice  is  i n  many ways d i f f e r e n t  from t h a t  i n  s t anda rd  thyra-  
t r o n s  where much h igher  vo l t ages  and h igh  energy e l e c t r o n s  are en- 
countered .  
2 . 4  C o l l e c t o r  
The c o l l e c t o r ,  o r  e x t c r n a l  c y l i n d e r ,  of the  t h y r a t r o n  w i l l  
0 
be ccoled 5 2  ti-st 5ts t ~ i z p e r a ~ u r e  i s  no g r e a t e r  than 5 i N - l j C O  C. A t  
t h i s  temperature, t h e  c o l l e c t o r  w i l l  have an adsorbed f i l m  of cesium 
wi th  a work func t ion  on t h e  order  of  1.5V, a minimun p r a c t i c a l  
ach ievab le  v a l u e .  From t h i s  point  of view t h e  c o l l e c t o r  i s  t h e  sim- 
p l e s t  e l e c t r o d e  t o  cons ider  i n  the  whole tube s i n c e  i t  i s  only  neces -  
s a r y  t o  main ta in  a low temperature  on t h i s  e l e c t r o d e  and n o t  an o p t i -  
mum v a l u e  as i s  necessa ry  f o r  adequate  er;iission from the  cathode o r  
f o r  p reven t ing  emission from t h e  g r i d .  
I 
1 
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3 .  THJ%ATRDM DESIGN Ah3 CONSTRUCTION 
It i s  f e l t  t h a t  t h e  n o s t  e f f i c i e n t  way t o  ach ieve  t h e  d e s i r e d  
r e s u l t s  of e a s e  of c o n s t r u c t i o n  and, a t  t h e  same t i m e ,  m e e t  t h e  i n -  
t e r n a l  optimum c r i t e r i a  d i scussed  above i s  t o  make t h e  tube w i t h  t h e  
c y l i n d r i c a l  geometry. T h i s  i s  a d e p a r t u r e  from t h e  usua l  thermionic  
c o n v e r t e r  techniques  wherein the p l ana r  geometry i s  employed wi th  
v e r y  c l o s e  spac ing  and ve ry  c lose  c o n t r o l  of t empera tu res .  Even 
though t h i s  i s  a d i f f e r e n t  approach i n  geometry, zany of t he  sane 
f e a t u r e s  of p l a n a r  c o n s t r u c t i o n  w i l l  be employed f o r  r easons  t o  be 
o u t l i n e d  below. 
3.1 E m i t t e r  Design 
The e m i t t e r  w i l l  be  a heavy-wall  t an ta lum c y l i n d e r  on which 
w i l l  be  brazed a p i e c e  of rhenium s t r i p  about 10 m i l s  t h i c k .  The d a t a  
i n  F i g .  4 a r e  f o r  t h e  use  of  rheniurr, i n  t h e  e m i t t e r ,  s i n c e  t h i s  g i v e s  
by f a r  t h e  h i g h e s t  emission of any a v a i l a b l e  s u b s t r a t e  f o r  use wi th  
cesium. Tbe  problems wi th  rhenium, however, a r e  t h a t  i t  i s  n o t  o n l y  
d i f f i c u l t  and expens ive  t o  o b t a i n ,  b u t  i t  i s  vc ry  ha rd  t o  work. I t  
n u s t  be handled under s p e c i a l  r o l l i n g  c o n d i t i o n s ,  by  ciachines t h a t  
o p e r a t e  i n  a p r o t e c t i v e  atmosphere a t  t he  h i g h  working t c r p e r a t u r c  
r e q u i r e d .  The ca thode  c y l i n d e r  could  be inode comple te ly  o u t  of rhenium 
However, because of t h e  working d i f f i c u l t y  of t he  m e t a l ,  i t  was f e l t  
t h a t  i f  i t  could  be s u c c e s s f u l l y  anchored t o  a t an ta lum s u b s t r a t e ,  t h e  
e n t i r e  dev ice  would be much e a s i e r  t o  b u i l d .  T h e r e f o r e ,  it i s  a n t i c i -  
pa t ed  t h a t  a rhenium c y l i n d e r  w i l l  be obta ined  which w i l l  be s l i p p e d  
ove r  t h e  tan ta lum c y l i n d e r  Forming t h e  w a l l  of t he  tube  and a base  f o r  
t h e  rhenium. The rhenium w i l l  be brazed i n t o  p l a c e  f o r  good thermal  
c o n t a c t  so t h a t  i t  h a s  a u n i f o r s  ternpcrature s u r f a c e  f o r  emis s ion .  
Tlie t an ta lum c y l i n d e r  which i s  r e l a t i v e l y  easy  t o  machine w i l l  have 
a h e a t  choke i n  each end t o  p r o t e c t  the s e a l s .  I t  i s  suppor ted  a t  
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e i t h e r  end and connected t o  the i n s u l a t o r  f l a n g e s .  A thermocouple 
will be u t i l i z e d  f o r  monitoring t h e  e n i t t e r  tempera ture  du r ing  opera-  
t i o n .  A schematic o f  t h e  tube  d e s i g n ,  n o t  t o  s c a l e ,  i s  shown i n  F i g .  5 .  
Other  methods of applying rhenium t o  tan ta lum s u b s t r a t e s  have 
been t r i e d ,  f o r  example, chemical vapor d e p o s i t i o n  of t h e  m a t e r i a l .  
T h i s  vapor d e p o s i t i o n  i s  a poss ib l e  p rocess ,  b u t  acco rd ing  t o  those  
w i t h  exper ience  i n  the f i e l d  i t  i s  n o t  a v e r y  f e a s i b l e  one, and is  
s u b j e c t  t o  many d i f f i c u l t i e s .  F o r  t h i s  r eason  i t  i s  f e l t  t h a t  b raz ing  
of a rhenium p l a t e  on to  t h e  tantalum s u b s t r a t e  i s  a f a r  s u p e r i o r  
method. 
3 . 2  Grid  Desim 
The g r i d  w i l l  be isadc of niobium s h e e t  i f  i t  i s  determined 
0 
t h a t  t h e  n i o b i w  w i l l  have low enough g r i d  emis s ion  i n  t h e  1000 C re-  
g ion .  A l s o ,  tantalurri s i l i c i d e  and/or tan ta lum c a r b i d e  a r e  t o  be i n -  
v e s t i g a t e d .  These c o a t i n g s ,  or c o a t i n g s  l i k e  them, have a low adsorp-  
t i o n  fo r  a cesium vapor s o  t h a t  such a s u r f a c e  can  b e  i n  a cesium a t -  
mosphere wi thou t  becorning a very e f f i c i e n t  e l e c t r o n  enit ter.  The t h i n  
m a t e r i a l  i n  t h e  g r i d  w i l l  se rve  a s  i t s  own h e a t  choke and t h e  g r i d  
c y l i n d e r  can be brought d i r e c t l y  o u t  t o  a niobiun, f l ange  which w i l l  
be s e a l e d  t o  t h e  alumina i n s u l a t o r s .  The thermal  c a l c u l a t i o n s  nade 
on a t y p i c a l  Grid b a r  which i s  i n s e r t e d  between two h o t  s u r f a c e s ,  i n  
t h i s  c a s e ,  the e m i t t e r  a t  1500 I< and the  c o l l e c t o r  a t  600-700 K ,  i n d i -  
c a t e  t h a t  t h e  g r i d  tempera ture  t r i l l  be between 800-1COC C .  
0 0 
0 
3 . 3  C o l l e c t o r  Design 
The c o l l e c t o r  w i l l  be s imply  a t an ta lum c y l i n d e r  which i s  
machined t o  t h e  p rope r  c o n f i g u r a t i o n  and ar ranged  so  t h a t  each end 
w i l l  be brazed t o  t h e  ceramic s e a l  f l a n g e s .  O f  t h e  t h r e e  e l e c t r o d e s  
involved i n  t h e  tube  a s  mentioned above, t h i s  i s  probably  t h e  n o s t  
simple e l e c t r o d e  t o  des ign  and b u i l d .  The main mechanical suppor t  
f o r  t h e  t h y r a t r o n  w i l l  be a s t r a p  around t h e  c o l l e c t o r  which w i l l  
serve both  as an e l e c t r i c a l  l e a d ,  mechanical s u p p o r t ,  and a thermal  
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i n s u l a t o r .  The t e n p e r a t u r e  of the  c o l l e c t o r  w i l l  a l s o  3e monitored 
by a themocoup le  which can be spo t  welded d i r e c t l y  t o  t h e  o u t s i d e  
s u r f a c e  o f  t h e  c y l i n d e r .  
3 .I Seal  Z?e'-2:::: 
The s e a l s  w i l l  be  made of  alumina p l a n a r  des ign  of t h e  type  
used on thermionic  c o n v e r t e r s .  Two f l a n g e s  w i l l  be brazed t o  each 
s i d e  of an i n s u l a t o r  a s  subessemhlies .  T!:tsc, i n  tiirn, ijiii be weided 
i n t o  t h e  f i n a l  tube du r ing  the f i n a l  s t a g e s  of assembly. 
p a r t s  of  t h e  tube can  be S u i l t  and l e a k - t e s t e d  ahead of tiive. 
d i f f i c u l t i e s  should occur ,  only m e  F a r t  of the Lube i s  a r ' fec ted  and 
o t h e r  p a r t s  a r e  no t  l o s t .  The r e s e r v o i r  f o r  t h e  t h y r a t r o n  w i l l  be 
a t t a c h e d  t o  the  c o l l e c t o r  and w i l l  be ve ry  s i n i l a r  t o  t h a t  used on 
the  c o n v e r t e r s  except  f o r  a p o s s i b l e  n o d i f i c a t i o n  of t h e  h e a t  choke. 
In  t h i s  way 
If any 
3 .5  E m i t t e r  Hea ter  
The emit ter  h e a t e r  f o r  o p e r a t i n g  t h e  t h y r a t r o n  w i l l  c o n s i s t  
of  a t ungs t en  f i l amen t  concen t r i c  wi th  the  axis of t h e  tube  which can 
be i n s e r t e d  i n s i d e  t h e  emitter c a v i t y  and hea ted  t o  e m i t t i n z  tcmpera- 
t u r e .  The emitter w i l l  be heated both by r a d i a t i o n  f rom t h i s  tungs ten  
h e a t e r  a;id by e l e c t r o n  bombardment from the heater t o  t h e  e n ; l t t e r  
c y l i n d e r .  Rad ia t ion  s h i e l d s  a t  e i t h e r  elid of the bombardment h e a t e r  
s t r u c t u r e  w i l l  conserve h e a t  and provide the proper  temperature  d i s -  
t r i b u t i o n  w i t h i n  the  t h y r a t r o n .  
3 . 6  Transformer Design 
As a r e s u l t  of t he  d e i o n i z a t i o n  t i m e  measurer;;ents, t h e  t r a n s -  
former des ign  is proceeding on t h e  b a s i s  t h a t  a f requency range of 
1000-1GOO Hz i s  p o s s i b l e  wi th  the t h y r a t r o n .  A schematic  of t h e  t r a n s -  
former showing t h e  t u r n s  r a t i o  i s  given i n  F i g .  6a.  M a t e r i a l s  t o  be 
used i n  the  c o n s t r u c t i o n  of the t ransformer  a r e  Hiperco 50 f o r  the  
co re  larninatioiis ,  OFHC copper f o r  t h e  windings and g l a s s  o r  a luEina 
i n s u l a t i o n .  The c r i t i c a l  i t e m s  i n  t h e  c o n s t r u c t i o n  of t h e  t ransformer  
a r e  t h e  co re  m a t e r i a l  and t he  i n s u l a t i o n  m a t e r i a l  because of t h e  high 
tempera tures  involved .  
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PRIMARY SECONDARY 
2 5  TURNS 
2.5 TURNS 
35 TURNS E 
(0 . )  TRANSFORMER SCHEMATIC 
WINOOW AREA 1.125 IN2 
(c.) DU 37 LAMINATION 
WINDOW AREA 0.70 IN2 
( b.) L K)1 LAMINATION 
WINDOW AREA 2.0 IN2 
(d.) DU 50 LAMINATION 
FIG . 6 TRANSFOPJEER SCREFfATIC AhQ LATfIEATIOX COI'TFIGURATIOXS 
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3 . 6 . 1  Core E la t e r i a l s  
The h igh- tempera ture  a l l o y ,  Supernendur, was chosen 
a s  the  co re  m a t e r i a l .  As poin ted  o u t  i n  t h e  Phase I f i n a l  r e p o r t ,  
t h e  two most l i k e l y  m a t e r i a l s  a r e  Supem.endur and Hiperco 50. Hiperco 
50 and Supermendur a r e  i d e n t i c a l  chemica l ly .  The main d i f f e r e n c e  i s  
t h a t  Supermendur i s  h e a t - t r e a t e d  i n  t h e  magnetic f i e l d  so t h a t  domain 
alignment occurs  i n  t h e  l amina t ions ,  thus , g i v i n g  i t  s u p e r i o r  mag- 
net ic  p r o p e r t i e s .  Because of the c r i t i c a l  n a t u r e  of t h i s  a p p l i c a t i o n ,  
Supenzendur was o r d e r e d .  However, i t  was l ea rned  from the  vendor t h a t  
t h e  Supermendur p r e s e n t l y  a v a i l a b l e  i s  of v a r i a b l e  q u a l i t y  and the  
o r d e r  was, t h e r e f o r e ,  changed t o  Hiperco 50. The fo l lowing  informa- 
t i o n  was ob ta ined  from t h e  vendor r e g a r d i n g  t h e  r e l a t i v e  q u a l i t i e s  of 
t h e s e  two m a t e r i a l s .  
1. Supcrmendur i s  b e s t  f o r  square  loop o r  s a t u r a t i o n  o p e r a t i o n .  
A t  t h i s  t ime t h e  q u a l i t y  of  Supemendur a s  supp l i ed  by t h e  
manufacturer i s  n o t  under c o n t r o l .  S ince  our  a p p l i c a t i o n  
i s  f o r  a n o n s a t u r a t i n g  o p e r a t i o n ,  and, i n  f a c t ,  a l a r g e  
margin of s a f e t y  h a s  been provided t o  avoid s a t u r a t i o n  of 
t h e  c o r e ,  t h i s  t ransformer  can be made e q u a l l y  w e l l  w i th  
Hiperco 50. 
2 .  P f a p e s i m .  methyla te  is  t h e  usua l  t r ans fo rmer  i n s u l a t i o n  
m a t e r i a l  because i t  has both  i n s u l a t i n g  and l u b r i c a t i n g  
p r o p e r t i e s  €o r  e a s e  of a s s e n b l y .  Fo r  v e r y  h i g h  tempera ture  
a p p l i c a t i o n s ,  i t  i s  reconmended t h a t  s t r a i g h t  magnesium 
oxide be used i n s t e a d  of the magnesium methy la t e .  However, 
magnesium oxide  is  r e l a t i v e l y  f r a g i l e  and may have a t e n -  
dency t o  come off dur ing  h a n d l i n g .  
touch up t h e  lamina t ions  i f  any of t h e  i n s u l a t i o n  i s  damaged 
e i t h e r  i n  hand l ing  or i n  shipment.  
It may be n e c e s s a r y  t o  
3 .  Hiperco 50 is a s  good a s  Supernendur f o r  n o n s a t u r a t i n g  a p p l i  
c a t i o n s  such a s  f o r  t h i s  t r a n s f o r m e r .  Although a s l i g h t  
i n c r e a s e  i n  c o r e  l o s s  may occur  under t h e  same c o n d i t i o n s ,  
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i t  i s  more r e a d i l y  a v a i l a b l e  than  SupemenJur  and much 
cheaper .  S p e c i f i c a l l y ,  Hiperco 5 C  c o s t s  $10 pe r  pound 
compared with $100 p e r  pound f o r  Supernendur.  
Both Supemendur and Hiperco 5c! should n;lver be opera t ed  
h o t  i n  a i r  because ox ida t ion  causes  a permanent change i n  
magnetic p r o p e r t i e s .  S ince  t h i s  t r ans fo rmer  w i l l  be oper -  
a t e ?  i n  vacuum, the re  w i l l  be no expec ted  deterioration i n  
magnetic p r o p e r t i e s  even a t  teinperatures i n  excess  of 600 C .  
The  C u r i e  temperature f o r  t h c s e  m a t e r i a l s  i s  about  950 C . 
4 .  
0 
0 
Tc reducc & l a y ,  s tandard  c o r e  shapes were s e l e c t e d  from 
t h e  vendor ' s  c a t a l o g .  
F i g u r e  Gb shows t h e  f i r s t  choice i n  co re  shape .  Four  L-shaped lami- 
n a t i o n s  were t o  be pu t  t oge the r  to form a symmetrical ,  double-window 
The shapes a r e  shown i n  F i g .  Gb, 6 c ,  and Dd. 
c o r e  w i t h  the  windings be ing  around the  c e n t r a l  le:: of t h e  c o r e  frame. 
A f t e r  c o n s u l t a t i o n  wi th  t h e  vendor, i t  was dec ided  t h a t  &lie window 
area of this c o r e  shape might be t o o  sma l l  for our windings and more mar- 
g in  should be provided f o r  i n s u l a t i o n  and v a r i a t i o n s  i n  t h i c k n e s s  due t o  
winding i r r e g u l a r i t i e s .  The re fo re ,  t h e  shape shown i n  F i g s .  6c  and 
Gd was s e l e c t e d .  The f i r s t  choice of t h c s e  two s i z e s  i s  F i g .  Gc which 
w i l l  have a window s i z e  of 0.750 x 1 . 5  inches  and should be adequate 
f o r  t h e  t o t a l  winding r e q u i r e d .  I f  t h i s  window should prove t o  be 
t o o  narrow because of  i n s u l a t i o n  s i z e ,  t h e  l a r g e r  c o r e  frame shown i n  
6d, which h a s  a window s i z e  of 2 x 1 i nches  w i l l  c e r t a i n l y  be more 
than  adequa te .  S ince  t h i s  m a t e r i a l  is r e l a t i v e l y  inexpens ive ,  bo th  
DU-37 and DlJ -50 c o r e  shapes were o r d e r e d .  
The amount of m a t e r i a l  r e q u i r e d  f o r  each t r ans fo rmer  c o r e  
was based on t h e  o p e r a t i n g  frequency and t h e  s a t u r a t i o n  flux and t h e  
v o l t s  p e r  t u r n  r a t i o .  A t  a v o l t s  p e r  t u r n  r a t i o  of 1 . 5 ,  an o p e r a t i n g  
f requency  of 1600 Hz, and a f l u x  i n t e n s i t y  of 5 k i l o g a u s s ,  about  1 . 5  
pounds of c o r e  rna t e r i a l  a r e  needed p e r  t r ans fo rmer  ( F i g .  7 ) .  A t  a 
1000 Hz o p e r a t i n 2  f requency ,  Bm i n c r e a s e s  t o  about  53C0 gauss  and a t  
500 Hz 13, e q u a l s  8000 gauss .  The amount of co re  m a t e r i a l  r e q u i r e d  f o r  
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t h e  500 Hz o p e r a t i o n  i s  c l o s e  t o  3 pounds per t ransformer .  
even t  t h a t  t h e  t h y r a t r o n  may opera t e  at: h igh  c u r r e n t s  and high cesium 
p r e s s u r e  and a 500-H~ frequency i s  used, enough n a t e r i a l  f o r  ope ra t ion  
a t  50C Hz was o rde red .  
In the 
The l amina t ions  themselves a r e  O.OC4 inch  t h i c k  and w i l l  be 
covered with 0.1C m i l  i n s u l a t i o n  on each  s i d e .  For the DU-37  core, 
t h e  t o t a l  s t a c k  h e i g h t  i nc lud ing  i n s u l a t i o n  w i l l  be 1 .41  inches  and  
f o r  the DU-5C i t  w i l l  bc 1.07 i n c h e s .  
OFHC copper has been chosen f o r  t h e  conductors  i n  the  high-  
temperature  t ransformer  because of i t s  s u p e r i o r  e l e c t r i c a  1 m d  v2ccum 
q u a l i t i e s .  S ince  the  t r a n s f o r n e r  will bc o p e r a t i n g  i n  a vacum, t h e r e  
i s  no danger  of o x i d i z i n g  the copper .  
be b e t t e r  than  OFM: i s  s i l v e r .  
winding because of the  h i g h e r  e f f i c i e n c y  and t h e  b e t t e r  packing of 
the windings on t h e  c o r e .  
The on ly  m a t e r i a l  which would 
F o i l  winding w a s  chosen over wire  
For  t h e  pr imary winding, a 1-inch-wide by 40-mil- thick 
OFHC copper s t r i p  will be used. 
t h i c k n e s s  will be made up of  e i g h t  l a y e r s  of 5-mil-thick copper 
s t r i p .  The secondary winding will c o n s i s t  of 35 t u r n s  of 1 inch wide 
by 3-mil-thick copper foil. The p r i n a r y ,  secondary,  a d  i n s u l a t i n g  
m a t e r i a l  will be wound i n t o  a s i n g l e  c o i l  u n i t  i n t o  riliich t h e  core 
m a t e r i a l  will be i n s e r t e d .  
To f a c i l i t a t e  winding, t h e  40-nil 
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3 .G . 2  I n s u l a t i o n  
Severa 1 i n s u l a  t i n &  na te  r i a  1s have been i n v e s t i g a t e d  
f o r  use wi th  t h e  h igh- tempera ture  t r a n s f o i m e r .  S ince  t h e  v o l t a g e s  t o  
be encountered i n  t h i s  t ransformer  a r e  q u i t e  l ov ,  i t  is f e l t  t h a t  
t h e  i n s u l a t i o n  problem i s  n o t  ex t remely  c r i t i c a l  even though t h e  ten- 
p e r a t u r e  involved i s  unusual ly  h i g h .  The p r o p e r t i e s  o f  m a t e r i a l s  
cons ide red  a r e  t a b u l a t e d  i n  Table I and shown i n  F i g .  8 which l i s t :  
r e s i s t i v i t y  and d i e l e c t r i c  s t r e n g t h  f o r  v a r i o u s  t empera tu res .  The 
obvious cho ice  would be alumina s i n c e  i t  excels a l l  t h e  o t h e r  mate- 
r i a l s  i n  both r e s i s t i v i t v  and d ie lec t r ic  s t r eng t -h  at t e m T e r a t u r t .  
However, i t  i s  very b r i t t l e  and tends  t o  f l a k  o f f  and i s  d i f f i c u l t  
t o  apply  t o  any f l e x i b l e  m e t a l l i c  conduc to r .  The re fo re ,  a m a t e r i a l  
t h a t  i s  nore e a s i l y  handled ,  i f  n o t  q u i t e  a s  s u p e r i o r  e l e c t r i c a l l y ,  
would be d e s i r a b l e  from a mechanical p o i n t  of view. Mica has  v e r y  
s u p e r i o r  p r o p e r t i e s  f o r  e l e c t r i c a l  i n s u l a t i o n  a t  h igh  tempera tures  
and can s t a n d  tempera tures  up t o  900 C w i t h o u t  deg rada t ion  of cha rac -  
ter is t ics .  J u s t  a s  w i t h  t h e  alumina, mica ,  i n  i t s  n a t u r a l  form, i s  
q u i t e  b r i t t l e  and f r a g i l e  and i s  n o t  e a s i l y  adapted t o  t h e  winding 
t h a t  i s  needed f o r  t h e  t r ans fo rmer .  However, a s p e c i a l  m a t e r i a l  c a l l e d  
Zsomica, c o n s i s t i n g  of 80 percent  muscovite mica f l a k e s  and 20 percen t  
p o l y e s t e r  f i b e r  h e a t  -bonded r e s i n  h a s  become a v a i l a b l e  which, presum- 
a b l y ,  can be used a t  l e a s t  up t o  480 C i n  a i r ,  and probably  h i g h e r  i n  
vacuum. One problen  might be t h a t  t h e  p o l y e s t e r  f i b e r s  w i l l  l eave  a 
r e s i d u e  which could cause t roub le  a f t e r  a long  p e r i o d  of  t i m e  of 
o p e r a t i o n  a t  h igh  tempera ture .  Another m a t e r i a l  cons ide red  i s  o r d i -  
n a r y  g l a s s  f i b e r  t a p e .  
e a s i l y  used i n s u l a t i n g  m a t e r i a l .  However, r e f e r e n c e  t o  F i g .  3 shows 
t h a t  a t  GOO C t h e  r e s i s t i v i t y  of soda l i m e  g l a s s  i s  q u i t e  l o w  and 
even wi th  the  low v o l t a g e s  t o  b e  expec ted ,  SOTIE ohmic conduction nay 
t a k e  p l a c e  and c o n t r i b u t e  e i t h e r  t o  h e a t i n g  of  t h e  t r ans fo rmer  e?: 
d e t e r i o r a t i o n  of the  i n s u l a t i o n  i t s e l f .  Nost g l a s s  t ape  i s  made of 
soda line g l a s s .  I f ,  however, h i g h e r  tempera ture  g l a s s  t a p e  i s  a v a i l -  
a b l e ,  i t  would be t h e  b e s t  choice  f o r  i n s u l a t i o n .  
0 
0 
T h i s  i s  the  most r e a d i l y  a v a i l a b l e  and most 
0 
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Vacuum i n s u l a t i o n  t e s t s  were run  on two of t h e s e  
m a t e r i a l s ,  namely, t h e  Isomica and g l a s s  c l o t h  i n s u l a t i o n .  The pu r -  
pose of t h e s e  tests was t o  a t t e n p t  t o  s imula t e  approximate ly  t h e  
winding p r e s s u r e  and t h e  vo l t ages  t h a t  might nppear cn t he  t iansfsrt t ier  
and app ly  t h e s e  t o  the i n s u l a t i o n  a t  t empera ture  i n  vacuum. A sche -  
matic of t h e  t es t  c o n f i g u r a t i o n  which was mounted i n  an ion-pumped 
vacuum system i s  shown i n  F i g .  9a and the measuring schematic in F i g .  
9 b .  
a p p l i e d  t o  t h e  i n s u l a t i o n  and t h e  t e n p e r a t u r e  was v a r i e d  between room 
0 -7 
t empera ture  and 650 C i n  a vacuum of  6 x 10 t o r r .  The c u r r e n t  
through t h e  i n s u l a t i o n  was measured wi th  a K e i t h l y  e l e c t r o m e t e r .  I n  
t h e  tes ts  on both  m a t e r i a l s  a t  t e n p e r a t u r e ,  t he  t c t a l  c u r r e n t  through 
-9 
t h e  sample was on t h e  o rde r  of  1 C  amps which inc i i ca t c s  a r e s i s t a n c e  
on t h e  o r d e r  of 10 ohms. This  i s  f a r  above t h a t  r equ i r ed  f o r  ope r -  
a t i o n  of the t r a n s f o r m e r .  
extended o p e r a t i o n  would show degrada t ion  of t h e  r e s i s t a n c e  of t he  
m a t e r i a l .  However, extended t e s t s  will be run  l a t e r  when t h e  f i n a l  
m a t e r i a l  i s  s e l e c t e d .  
t i o n  a f t e r  o p e r a t i o n  a t  temperature and the  Isomica had a tendency t o  
crumble a f t e r  exposure t o  tempera ture .  It was t h e  mechanical p r o p e r t y  
t h a t  d e t e r i o r a t e d  r a t h e r  than the e l e c t r i c a l  p r o p e r t i e s  of t h e  m a t e r i a l .  
Because t h e  Isomica nechan ica l ly  d e t e r i o r a t e d  more t han  t h e  g lass  f i b e r  
and because t h e  g l a s s  f i b e r  i s  s o  much e a s i e r  t o  handle  and even though 
a t  SCC°C F i g .  8 shows unfavorable r e s i s t i v i t y  c h a r a c t e r i s t i c s  f o r  soda 
l i m e  g l a s s  a t  tempera ture ,  i t  is  f e l t  t o  be worthwhile t o  run  a long 
t i m e  t es t  on t h e  g l a s s  sample.  I f  a long t i m e  test  on t h i s  m a t e r i a l  
p roves  s a t i s f a c t o r y ,  no f u r t h e r  work w i l l  be  done on t h e  i n s u l a t i o n  
f o r  t h e  t r ans fo rmer .  I f  i t  i s  not  s a t i s f a c t o r y ,  i n v e s t i g a t i o n  of t h e  
o t h e r  m a t e r i a l s  mentioned h e r e  w i l l  be made i n  g r e a t e r  d e t a i l  t o  tes t  
t h e i r  s u i t a b i l i t y  f o r  t h i s  a p p l i c a t i o n .  
A v o l t a g e  of about  t w i c e  t he  expected o p e r a t i n g  v o l t a g e  v a s  
10 
These were s h o r t  t i m e  tests and conce ivably  
Both m a t e r i a l s  showed a browning o r  d i s c o l o r a -  
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3 . 7  C i r c u i t  Design 
A 1 1  c i r c u i t  work done i n  t h i s  p e r i o d  has  been o r i e n t e d  t o -  
ward developing the  b e s t  arrangement f o r  t a k i n g  recovery  time and 
v o l t a g e  ho ld -o f f  d a t a .  No a d d i t i o n a l  work on the  i n v e r t e r  c i r c u i t  
i t s e l f  h a s  been done beyond t h a t  which was r e p o r t e d  i n  t h e  Phase I 
f i n a l  r e p o r t .  The t e s t  c i r c u i t s  used for o b t a i n i n g  t h e  d a t a  of t h e  
s t a r t i n g  v o l t a g e  curves  and two s t a r t i n g  v o l t a g e  cu rves  i n  a d d i t i o n  
t o  those  obta ined  i n  t h e  l a s t  per iod  a r e  shown i n  F i g .  10 .  The cu rves  
were obta ined  by s e t t i n g  the  g r id  v o l t a g e  a t  t h e  d e s i r e d  l e v e l  and 
r a i s i n g  t h e  c o l l e c t o r  v o l t a g e  u n t i l  t h e  tube  f i r e d .  The low p r e s s u r e  
curve was taken  t o  look. f o r  the hump observed i n  t h e  h ighe r  p re s su re  
c a s e s .  A s l i g h t  hump was a c t u a l l y  seen which may be evidence of 
e l a s t i c  s c a t t e r i n g  of e l e c t r o n s .  A curve  was obta ined  f o r  C . 3  t o r r  
a l s o  s i n c e  i t  is t h e  upper p re s su re  l i m i t  of i n t e r e s t .  S ince  t h e  e x a c t  
r e l a t i o n s h i p  of one curve  t o  another depends on s e r i e s  r e s i s t a n c e s  and 
a b s o l u t e  p r e s s u r e  e q u i l i b r i u m ,  t h i s  series of cu rves  y i e l d s  on ly  a 
q u a n t i t a t i v e  comparison. They w i l l  be r epea ted  more c a r e f u l l y  over  t h e  
p r e s s u r e  range of i n t e r e s t .  
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4 .  PLLW FOR ?IE,E P3,If)I) 
1. Continue t e s t ing  d e i o n i z a t i o n  t i m e  dev ice  f o r  a d d i t i o n a l  
d a t a .  
2 .  Conple te  t h y r a t r o n  designi errler m n t p r i a l r ,  and b c g k  f a b r l -  
c a t i o n  of n a t e r i a l s  on hand. 
3 .  Set  up l o n g  term t e s t  f o r  t ransfom.er  i n s u l a t i o n .  
L. Begin t r a n s f o m e r  f a b s L c a t t c n  i f  C C ~ C  m t c r t s ?  clrrivcs . 
Man -Hours Expended 
A t o t a l  of 3293 rran-hours has been expended on this program as 
of May 31. 
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